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Abstract.  It has been demonstrated in the paper that the magnetic field distribution in 
two outer conductors of the flat, three-phase, high-current busduct is 
asymmetric. The components of this field reflect the magnetic field of the 
reverse reaction fields of the eddy currents induced in the conductors of the 
adjacent phases as the results of the proximity effect and the skin effect. 
The field distribution is shown in the outer area of the outer phases as the 
function of the parameters reflecting the current frequency, the 
conductivity, and the transverse dimensions of the tubular conductors. The 
results also account for the fact that analogously in the high-current 
busducts of this type the active power losses, temperature distributions, and 
electrodynamic forces, will not be the same in the outer buses. 
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1. Introduction 
The magnetic field in the external area of the flat unshielded three-phase high current 
busduct (fig. 1) is a vector sum of the own magnetic field, and that generated by the 
currents in the adjacent tubular conductors, with the consideration of the magnetic field 
of the reverse reaction. Instead, in the conductors we have the sum of the own magnetic 
filed with the consideration of the skin effect as well as the field induced by the 
magnetic field of the adjacent phase currents. The own current, in accordance with the 
Ampere’s law, does not generate any magnetic field inside a tubular conductor, and the 
magnetic field in this area generated by the currents in the adjacent conductors can be 
neglected [1,2]. 

In this study it has been shown that the magnetic field distribution in the two external 
conductors of a three-phase flat unshielded high-current busduct is not the same, in spite 
of the symmetry of the system geometry [3]. 
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Figure 1. Three phase high current busduct with the currents I1, I2 and I3 

2. Magnetic field distribution 
In the unshielded flat three-phase high current busduct, as shown in figure 1 we assume 
a symmetrical threesome of phase currents, i.e. [4, 5] 

 1312  ] 
3
2 exp[j   and    ] 

3
2 jexp[ IIII ππ =−=  (1) 

The magnetic fields of external origin are for the outer phases, and those generated 
only by the currents in the adjacent phases can be presented as  

 ),(),(),( 1312123 ΘrΘrΘr www HHH +=  (2) 
and accordingly  
 ),(),(),( 3231312 ΘrΘrΘr www HHH +=  (3) 

The modules of these fields are respectively symmetrical – fig 2. 
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Figure 2. The distribution of the modules of the magnetic field of external origin 

(without the magnetic field of the own phase) in the outer phases of the three-phase, 
flat, high-current busduct with the symmetrical currents I1, I2 and I3 (lc=d/R2 (lc≥ 1), 

x=r/R2, bc=R1/R2 (0£bc< 1)) 
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These fields induce the eddy currents which in turn generate reverse reaction magnetic 
fields ),(123 ΘrrrH  and ),(321 ΘrrrH . These fields are still respectively symmetrical in the 
outer phases due to the identical mechanism of generating them in relation to the 
respective fields ),(123 ΘrwH  and ),(321 ΘrwH  – fig 3. 
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Figure 3. The distribution of the modules of the reverse reaction  magnetic field in the 
outer phases of the three-phase, flat, high-current busduct with the symmetrical 

currents I1, I2 and I3 
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Figure 4. The distribution of the modules of the magnetic field outside of the outer 
phases (without the magnetic field of the own phase) of the flat, high-current busduct 

with the symmetrical currents I1, I2 and I3 

The magnetic fields outside of the conductors, without the own fields can be presented 
as: 
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 ),(),(),( 123123123 ΘrΘrΘr rrwext HHH +=  (4) 
and 
 ),(),(),( 321321321 ΘrΘrΘr rrwext HHH +=  (5) 

These fields remain still respectively symmetrical one to another – fig 4. 

3. Asymmetry of the magnetic field 
The total magnetic field outside of the conductors of the outer phases can be express 
with the following formulas [6] 

 1 11 12 13 11 123( , ) ( ) ( , ) ( , ) ( ) ( , )ext ext ext ext ext extr Θ r r Θ r Θ r r Θ= + + = +H H H H H H  (6) 
and 
 3 33 31 32 33 321( , ) ( ) ( , ) ( , ) ( ) ( , )ext ext ext ext ext extr Θ r r Θ r Θ r r Θ= + + = +H H H H H H  (7) 

The )(11 rextH  and )(33 rextH  fields have tangent components only. Therefore, the 
above vector summing up can be limited to the summing up of the relevant tangent 
components. That summing up is an operation in the complex number domain, hence 
the complex sums of tangent components [7, 8] 

 1 11 12 13 11 123( , ) ( ) ( , ) ( , ) ( ) ( , )ext ext ext ext ext ext
Θ Θ Θ Θ Θ Θr Θ r r Θ r Θ r r Θ= + + = +H H H H H H  (8) 

and 
 3 33 31 32 33 321( , ) ( ) ( , ) ( , ) ( ) ( , )ext ext ext ext ext ext

Θ Θ Θ Θ Θ Θr Θ r r Θ r Θ r r Θ= + + = +H H H H H H  (9) 

are determined not only by the modulus values of the sum components, but also their 
amplitudes, and more precisely the difference of the amplitudes. The distribution of 
these differences for the outer phases is shown in figure 5. 
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Figure 5. The distribution of the differences of the amplitudes of the field tangent 

component of the own phase and the tangent component of the field outside (without the 
magnetic field of the own phase) of the outer phases of a 3-phase flat high-current 

busduct with symmetrical currents I1, I2 and I3 
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Figure 6. The distribution of the modulus values of the total magnetic field outside of 
the conductors of the outer phases of a 3-phase flat high-current busduct with 

symmetrical currents I1, I2 and I3 

As it can be seen in figure 5, despite the fact the modulus values of the own fields of 
individual phases and the modulus values outside of the outer phases are the same the 
relevant sums of the tangents components in the complex number domain will not have 
the same modulus values. Therefore, the total magnetic field with the consideration of 
the magnetic field of the own phase outside of the outer phases is not accordingly 
symmetrical – figure 6. 

The problem of the asymmetry of the magnetic field distribution outside of the 
conductors of the outer phases of the three-phase, flat, high-current busduct can be also 
explained with indicator diagrams. Let us assume a symmetrical threesome of the 
magnetic field of the own phase currents – figure 7. 
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Figure 7. The own magnetic field outside of the conductors of the three-phase, flat, 

high-current busduct with the symmetrical currents I1, I2 and I3  
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In some points on the surfaces of the conductors of the outer phases, said points being 
symmetrical with respect to the centre of the middle phase axis we can assume that the 
feedback magnetic fields of eddy currents add up vectorially and in the domain of 
complex numbers with the relevant fields which have induced these currents – for the 
L1 phase in the Θ = p point (fig. 9) and the corresponding to it Θ = 0 point (symmetrical 
with respect to the middle phase axis) for the L3 phase (fig. 8). 
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Figure 8. The indicator diagram of the magnetic fields for the outer phase L3 of the 

three-phase flat high-current busduct with the symmetrical currents I1, I2 and I3 
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Figure 9. The indicator diagram of the magnetic fields for the outer phase L1 of the 

three-phase flat high-current busduct with the symmetrical currents I1, I2 and I3  

4. Conclusions 
The total magnetic field outside of the extreme phases 3-phase flat high current busduct 
is not accordingly symmetrical – fig. 6. This asymmetry increases with the increase of 
the current frequency, the electrical conductivity, and the outer radius of the conductors 

The indicator diagrams presented above show (figure 8 and 9) that in certain point 
(r = R2, Θ = Θ2) on the surface of the outer L1 phase the module of the total magnetic 
field outside of the conductor differs from the module of the total magnetic field in the 
symmetrical point on the external surface of the conductor of the L3 phase. In the 
provided example 1 32 0 2 0( , ) ( , )ext extr R Θ Θ r R Θ Θ= = > = =H H . In other points a 

reverse inequality or an equality may happen. 
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